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(54) Thermally-stabilized thermal barrier coating 

(57) A thermal barrier coating (TBC) (26) for a com- 
ponent (10) intended lor use in a hostile environment, 
such as the superalloy turbine, combustor and augmen- 
tor components of a gas turbine engine. The TBC (26) 
is formed to contain small amounts of alumina precipi- 
tates (34) dispersed throughout the grain boundaries 
and pores (32) of the TBC (26) to getter oxide impurities 
that would otherwise allow or promote grain sintering 



and coarsening and pore coarsening, the consequence 
of which would be densification of the TBC (26) and 
therefore increased thermal conductivity. If sufficiently 
fine, the precipitates (34) also serve to pin the grains 
(30) and pore boundaries of the TBC (26), the effect of 
which is to reduce the tendency for the microstructure 
of the TBC (26) to sinter, coarsen and undergo pore re- 
distribution, which also increase thermal conductivity of 
the TBC (26). 
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D scription 

[0001 ] This invention relates to protective coatings for 
components exposed to high temperatures, such as the 
hostile thermal environment of a gas turbine engine. 
More particularly, this invention is directed to a method 
of stabilizing the mjcrostructure of a thermal barrier coat- 
ing (TBC) with alumina precipitates in order to inhibit 
degradation of the thermal insulating properties of the 
TBC during high temperature excursions. 
[0002] Higher operating temperatures for gas turbine 
engines are continuously sought in order to increase 
their efficiency. However, as operating temperatures in- 
crease, the high temperature durability of the compo- 
nents within the hot gas path of the engine must corre- 
spondingly, increase. Significant advances in high tem- 
perature capabilities have been achieved through the 
formulation of nickel and cobalt-base superalloys. 
Nonetheless, when used to form components of the tur- 
bine, combustor and augmentor sections of a gas tur- 
bine engine, such ailoys alone are often susceptible to 
damage by oxidation and hot corrosion attack and may 
not retain adequate mechanical properties. For this rea- 
son, these components are often protected by a thermal 
barrier coating (TBC) system. TBC systems typically in- 
clude an environmentally-protective bond coat and a 
thermal-insulating ceramic topcoat, typically referred to 
as the TBC. Bond coat materials widely used in TBC 
systems include oxidation -resistant overlay coatings 
such as MCrAlX (where M is iron, cobalt and/or nickel, 
and X is yttrium or another rare earth element), and ox- 
idation-resistant diffusion coatings such as diffusion alu- 
minides that contain aluminum intermetallics. 
[0003] Ceramic materials and particularly binary yt- 
tria-stabilized zirconia (YSZ) are widely used as TBC 
materials because of their high temperature capability, 
low thermal conductivity, and relative ease of deposition 
by plasma spraying, flame spraying and physical vapor 
deposition (PVD) techniques. TBC's employed in the 
highest temperature regions of gas turbine engines are 
often deposited by electron beam physical vapor depo- 
sition (EBPVD), which yields a columnar, strain -tolerant 
grain structure that is able to expand and contract with- 
out causing damaging stresses that lead to spallation. 
Similar columnar microstructures can be produced us- 
ing other atomic and molecular vapor processes, such 
as sputtering (e.g., high and low pressure, standard or 
collimated plume), ion plasma deposition, and all forms 
of melting and evaporation deposition processes (e.g., 
cathodic arc, laser melting, etc.). In contrast, plasma 
spraying techniques such as air plasma spraying (APS) 
deposit TBC material in the form of molten "splats," re- 
sulting in a TBC characterized by a degree of inhomo- 
geneity and porosity that reduces heat transfer through 
the TBC. 

[0004] In order for a TBC to remain effective through- 
out the planned life cycle of the component it protects, 
it is important that the TBC maintains a low thermal con- 



ductivity throughout the life of the component. However, 
the thermal conductivities of TBC materials such as YSZ 
have been observed to increase by 30% or more over 
time when subjected to the operating environment of a 

s gas turbine engine. This increase has been associated 
with coarsening of the zirconia-based mtcrostructure 
through grain and pore growth and grain boundary 
creep. To compensate for this phenomenon, TBC's for 
gas turbine engine components are often deposited to 

10 a greater thickness than would otherwise be necessary. 
Alternatively, internally cooled components such as 
blades and nozzles must be designed to have higher 
cooling flow. Both of these solutions are undesirable for 
reasons relating to cost, component life and engine ef- 

i& ficiency. 

[0005] In view of the above, it can be appreciated that 
further improvements in TBC technology are desirable, 
particularly as TBC's are employed to thermally insulate 
components intended for more demanding engine de- 
20 signs. 

[0006] The present invention generally provides a 
thermal barrier coating (TBC) for a component intended 
for use in a hostile environment, such as the superalloy 
turbine, combustor and augmentor components of a gas 
25 turbine engine. TBC's of this invention have microstruc- 
tures that are less susceptible to grain sintering and pore 
coarsening during high temperature excursions, all of 
which lead to densification of the TBC. Improvements 
obtained by this invention can be realized with TBC's 
30 deposited to have a columnar grain structure, such a?, 
those deposited by EBPVD and other PVD techniques, 
as well as no ncolumnar TBC's that are inhomogeneous 
and porous as a result of being deposited by plasma 
spray techniques, such as air plasma spraying (APS). 
35 [0007] Typical YSZ source materials available for use 
in deposition processes often contain more than 0.1 
mole percent of impurities, such as oxides of silicon, ti- 
tanium, iron, nickel, sodium, lithium, copper, manga- 
nese and potassium. According to the invention, several 
40 of these impurities (particularly silica) in aggregate 
amounts of as little as 0.02 mole percent can be suffi- 
cient to form amorphous phases with low glass transi- 
tion temperatures or phase/surface modifications that 
promote surface diffusion. These undesirable phase 
45 types decorate nearly all of the grain boundaries and the 
splat boundaries (for plasma-sprayed TBC) or column 
boundaries (for PVD TBC) of a TBC. At such levels, 
these phase types are believed to sufficiently wet the 
boundaries to allow or promote grain sintering and 
so coarsening and/or surface diffusion kinetics that lead to 
densification of the TBC, the end result of which is an 
increase in the thermal conductivity of the TBC. Reduc- 
ing impurity levels in YSZ source materials to eliminate 
this densification effect in the TBC can be prohibitively 
55 expensive. 

[0008] As a solution, the invention employs small 
amounts of alumina precipitates (crystalline structures) 
dispersed throughout the grain boundaries of the TBC 
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to getter impurities, and particularly the oxide impurities 
noted above. As used herein, the term 'getter" includes 
various mechanisms by which sintering that would be 
enhanced by the presence of impurities is neutralized 
(negated) or at least minimized. Examples of gettering 
mechanisms include (a) the formation of alumina-con- 
taining crystalline compounds such as mullite 
(3AI 2 0 3 *2Si0 2 ) t alumina titanate (A\ 2 0^T\O 2 ) and/or 
Al 2 0 3 »Mn0 2( and (b) the formation of solid solutions 
with various compounds, including FeO, Fe 2 0 3 , etc. As 
a result of being insoluble in zirconia, these alumina- 
based reaction products form precipitates that can ad- 
vantageously reduce grain boundary mobility of the YSZ 
TBC. As such, the alumina precipitates inhibit densifi- 
cation and the associated increase in thermal conduc- 
tivity caused by grain sintering and coarsening and/or 
surface diffusion kinetics that are promoted by the pres- 
ence of Impurities. Another benefit is that, if the alumina 
precipitates are sufficiently fine, such as on the order of 
about 2 to 500 nm, the precipitates are able to pin the 
grain, pore and/or feathery substructure boundaries 
within the TBC. In doing so, the tendency is reduced for 
the microstructure of the TBC to sinter, coarsen and un- 
dergo pore redistribution (as used herein, when smaller 
pores coalesce or coarsen to form larger pores) during 
high temperature exposures, such as temperatures in 
excess of 1 000°C found within the hot gas path of a gas 
turbine engine. 

[0009] According to the invention, incorporating rela- 
tively low levels of alumina precipitates serves to reduce 
or eliminate undesirable impurity effects, while higher 
levels provide the additional benefit of further stabilizing 
the YSZ grain structures against coarsening attributable 
to surface diffusion and grain boundary motion. Accord- 
ingly, by providing a small but sufficient amount of fine 
alumina precipitates within a TBC microstructure, the 
TBC can be subsequently heated to temperatures in ex- 
cess of 1200 6 C without densification and an associated 
increase in thermal conductivity. As a result, compo- 
nents can be designed for thinner TBC and/or, where 
applicable, lower cooling air flow rates, which reduces 
processing and material costs and promotes compo- 
nent life and engine efficiency. 
[O010] Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, In which: 

Figure 1 is a perspective view of a high pressure 
turbine blade. 

Figure 2 is a cross-sectional view of the blade of 
Figure 1 along line 2-2, and shows a thermal barrier 
coating system on the blade in accordance with a 
first embodiment of this invention. 

Figure 3 is a cross-sectional view of a thermal bar- 
rier coating system in accordance with a second 
embodiment of this invention. 



Figure 4 is a detailed representation of a columnar 
grain of the thermal barrier coating of Figure 2. 

[0011] The present invention is generally applicable 
5 to components subjected to high temperatures, and par- 
ticularly to components such as the high and low pres- 
sure turbine nozzles and blades, shrouds, combustor 
liners and augmentor hardware of gas turbine engines. 
An example of a high pressure turbine blade 1 0 is shown 
10 in Figure 1. The blade 10 generally includes an airfoil 
12 against which hot combustion gases are directed 
during operation of the gas turbine engine, and whose 
. surface is therefore subjected to hot combustion gases 
as well as attack by oxidation, corrosion and erosion. 
15 The airfoil 12 is protected from its hostile operating en- 
vironment by a thermal barrier coating (TBC) system 
schematically depicted in Figure 2. The airfoil 12 is an- 
chored to a turbine disk (not shown) with a dovetail 14 
formed on a root section 16 of the blade 1 0. Coolingpas- 
20 sages 18 are present in the airfoil 12 through which 
bleed air is forced to transfer heat from the blade 10. 
While the advantages of this invention will be described 
with reference to the high pressure turbine blade 10 
shown in Figure 1 , the teachings of this invention are 
25 generally applicable to any component on which a ther- 
mal barrier coating may be used to protect the compo- 
nent from a high temperature environment. 
[0012] The TBC system 20 is represented in Figure 2 
as including a metallic bond coat 24 that overlies the 
30 surface of a substrate 22, the latter of which is typically 
a superalloy and the base material of the blade 10. As 
is typical with TBC systems for components of gas tur- 
bine engines, the bond coat 24 is an aluminum-rich com- 
position, such as an overlay coating of an MCrAlX alloy 
35 or a diffusion coating such as a diffusion aluminide or a 
diffusion platinum aluminide of a type known in the art. 
Aluminum-rich bond coats of this type develop an alu- 
minum oxide (alumina) scale 28, which is grown by ox- 
idation of the bond coat 24. The alumina scale 28 chem- 
40 ically bonds a thermal-insulating ceramic layer, or TBC 
26, to the bond coat 24 and substrate 22. The TBC 26 
of Figure 2 is represented as having a strain-tolerant 
microstructure of columnar grains 30, one of which is 
represented in greater detail in Figure 4. As known in 
4$ the art, such columnar mlcrostructures can be achieved 
by depositing the TBC 26 using a physical vapor depo- 
sition technique, such as EBPVD. A preferred material 
for the TBC 26 is an yttria-stabllized zirconia (YSZ), a 
preferred composition being about 4 to about 20 weight 
so percent yttria, though other ceramic materials could be 
used, such as zirconia fully stabilized by yttria, nonsta- 
bilized zirconia, or zirconia partially or fully stabilized by 
magnesia, ceria, scandia or other oxides soluble in zir- 
conia. The TBC 26 is deposited to a thickness that Is 
55 sufficient to provide the required thermal protection for 
the underlying substrate 22 and blade 10, generally on 
the order of about 75 to about 300 micrometers. 
[0013] While much of the following discussion will fo- 
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cus on columnar TBC of the type shown in Figures 2 
and 4, the invention Is also believed to be applicable to 
noncolumnarTBC deposited by such methods as plas- 
ma spraying, including air plasma spraying (APS). The 
microstructure of this type of TBC is represented in Fig- 
ure 3, in which the same reference numbers used in Fig- 
ure 2 to identify the columnar TBC 26 on a substrate 22 
and bond coat 24 are now used to identify a similar sub- 
strate 22 and bond coat 24 on which a noncolumnar 
TBC 26 was deposited by plasma spraying. In the plas- 
ma spraying process, TBC material is deposited in the 
form of molten "splats," resulting in the plasma-sprayed 
TBC 26 ot Figure 3 having a microstructure character- 
ized by irregular flattened grains 30 and a degree of in- 
homogeneity and porosity. 

[001 4] As is typical in the art, the YSZ source material 
used to deposit the TBC's 26 of Figures 2 through 4 may 
contain more than 0.1 mole percent of impurities, such 
as oxides of titanium, silicon, sodium, iron, nickel, lithi- 
um, copper, manganese and potassium, and potentially 
oxides of calcium, magnesium and others. Aggregate 
amounts of as little as 0.02 mole percent of such impu- 
rities can be sufficient to form precipitates that decorate 
nearly all ofthe grain boundaries of the TBC microstruc- 
ture, as well as the splat boundaries (for plasma- 
sprayed TBC) or column boundaries (for P.VD TBC) of 
the TBC 26. These precipitates are believed to wet the 
grain boundaries of the TBC 26, allowing or promoting 
grain boundary sliding and grain sintering arid coarsen- 
ing that lead to densification of the TBC 26 and, conse- 
quently, an increase in the thermal conductivity of the ^ 
TBC 26. To counter this effect, the TBC 26 of this inven- 
tion is deposited to contain small amounts of alumina 
which, as a result of being insoluble in YS2, do not alloy 
with the surrounding YSZ matrix but instead form dis- 
crete precipitates 34 dispersed throughout the grain 
boundaries of the TBC 26, including adjacent the de- 
fects and pores 32 as represented in Figures 3 and 4. 
According to the invention, the precipitates 34 getterthe 
above-noted oxide impurities, and therefore Inhibit grain 
boundary sliding, grain sintering and coarsening. The 
end result is that the TBC 26 has a stabilized microstruc- 
ture that resists microstructural changes that would oth- 
erwise lead to densification and higher thermal conduc- 
tivity. 

[0015] As a result of the processes by which the 
TBC's 26 of Figures 2 through 4 are deposited, the in- 
dividual grains 30 of the TBC's 26 are characterized by 
microstructural defects and pores 32 within the grains 
30 and at and between the grain boundaries. According 
to another aspect of the invention, these defects and 
pores 32 are believed to decrease the thermal conduc- 
tivity of the grains 30 of the TBC 26, and therefore the 
TBC 26 as a whole. However, grain growth, sintering 
and pore redistribution (coalescing) within the TBC 26 
during high temperature excursions tend to eliminate 
the defects and pores 32. The present invention is able 
to inhibit these microstructural changes if the precipi- 



tates 34 are sufficiently fine and located within the de- 
fects and pores 32, such that the precipitates 34 anchor 
and pin the grain boundaries and pores 32. 
[0016] In orderto effectively serve as an impurity get- 

5 ter, the precipitates 34 must be present in an amount 
sufficient for this purpose without adversely affecting 
other desirable properties of the TBC 26. A suitable mo- 
lar fraction for the precipitates 34 is believed to be at 
least 0.1 mole percent up to about 3 mole percent, with 

io a preferred range being about 0.2 to about 1 mole per- 
cent As an impurity getter, the size of the precipitates 
34 is not believed to be critical, with diameters of about 
2 to about 1000 nm being acceptable. However, to ef- 
fectively pin the grain boundaries the precipitates 34 

is must be fine, generally on the order of the size of the 
pores 32 and process-induced defects within the grains 
30 and along the grain boundaries. To perform this role, 
a preferred particle size range for the alumina precipi- 
tates 34 is about 2 to 500 nm. The volume fraction nec- 

20 essary to pin the defects and pores 32 will naturally vary 
with the amount of defects and pores 32 present in the 
TBC 26. However, a volume fraction of at least 0.1 per- 
cent is believed to be necessary for effective impurity 
gettering. 

25 [0017] Suitable processes for forming the precipitates 
34 will depend in part on the manner in which the TBC 
26 is deposited. If deposited by plasma spraying, a fine 
alumina powder can be mixed with a YSZ powder, so 
that fine alumina precipitates 34 form within the individ- 

30 ual "splat" grains 30 as shown in Figure 3. If deposited 
by PVD to yield the columnar grain structure shown in 
Figures 2 and 4, a suitable technique is to evaporate 
multiple ingots, at least one of which is formed of only 
YSZ while a second is formed of alumina, alone, mixed 

35 with YSZ or present as discrete regions within a YSZ 
ingot. Alternatively, a single Ingot containing YSZ and 
regions of alumina or metallic aluminum can be evapo- 
rated to produce the TBC 26. Yet another alternative is 
to evaporate a YSZ source material in the presence of 

40 a chemical vapor deposition (CVD) source of aluminum- 
containing vapors. When introduced into the coating 
chamber while YSZ is being evaporated, the aluminum- 
containing vapors react with the oxygen-containing at- 
mosphere within the chamber to deposit alumina within 

45 the TBC. Still another method is to use an Ion beam 
source of aluminum (cathodic arc source) while evapo- 
rating a YSZ ingot to create the precipitates 34. In any 
case, the deposition process of this invention is carried 
out so that alumina is evaporated and condenses to 

50 form the discrete and fine precipitates 34 represented 
in Figures 3 and 4, 

[001 8] While the invention has been described in 
terms of a preferred embodiment, it is apparent that oth- 
er forms could be adopted by one skilled in the art. For 
55 example, the TBC 26 could be deposited by other atom- 
ic and molecular vapor deposition processes, such as 
sputtering, ion plasma deposition, and all forms of melt- 
ing and evaporation deposition processes. 
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[0019] For completeness, various aspects of the in- 
vention are set out in the following numbered clauses: 

1 . A component (10) having a thermal barrier coat- 
ing (26) on a surface thereof, the thermal barrier s 
coating (26) having a microstructure comprising 
grains (30) and grain boundaries, the thermal bar- 
rier coating (26) containing impurities in an amount 
sufficient to cause grain boundary sliding, grain sin- 

• tering and coarsening, and/or enhanced surface dif- 10 
fusion that lead to denslfication of the thermal bar- 
rier coating (26), the thermal barrier coating (26) fur- 
ther containing precipitates (34) of alumina within 
the microstructure in an amount sufficient to getter 
the Impurities so as to inhibit densification of the » 
thermal barrier coating (26). 

2. A component (10) according to clause 1 , wherein 
the microstructure of the thermal barrier coating 
(26) is columnar, 20 

3. A component (10) according to clause 1 , wherein 
the microstructure of the thermal barrier coating 
(26) is inhomogeneous and porous. 

25 

4. A component (1 0) according to clause 1 , wherein 
the thermal barrier coating (26) is predominantly yt- 
tria-stabilized zirconia. 

5. A component (1 0) according to clause 1 , wherein 30 
the impurities include an oxide of at least one ele- 
ment chosen from the group consisting of silicon, 
titanium, iron, nickel, sodium, lithium, copper, man- 
ganese and potassium. 

35 

6. A component (10) according to clause 1 , wherein 
the impurities are present in an aggregate amount 
of at least 0.02 mole percent of the thermal barrier 
coating (26). 

40 

7. A component (1 0) according to clause 1 , wherein 
the impurities are present in an aggregate amount 
of at least 0.1 mole percent of the thermal barrier 
coating (26). 

45 

8. A component (1 0) according to clause 1 , wherein 
the precipitates (34) are present in the thermal bar- 
rier coating (26) at a level of at least 0.1 mole per- 
cent of the thermal barrier coating (26). 

50 

9. A component (10) according to clause 8, wherein 
the precipitates (34) are present in the thermal bar- 
rier coating (26) at a level of up to about 3 mole per- 
cent of the thermal barrier coating (26). 



55 



1 0. A component (10) according to clause 1 , where- 
in the microstructure has defects and pores (32) at 
and between the grain boundaries. 



11. A component (10) according to clause 10, 
wherein at least some of the precipitates (34) are 
located adjacent the defects and pores (32). 

12. A component (10) according to clause 11, 
wherein the precipitates (34) located within the de- 
fects and pores (32) have diameters in a range of 
about 2 to about 50 nanometers. 

13. A gas turbine engine component (10) compris- 
ing: 

a superalloy substrate (22); 

a metallic bond coat (24) on a surface of the 

substrate (22); and 

a thermal barrier coating (26) of yttria-stabilized 
zirconia on the bond coat (24), the thermal bar- 
rier coating (26) having a* microstructure with 
defects and pores (32) at and between grains 
boundaries of the microstructure, the thermal 
barrier coating (26) containing oxide impurities 
of at least one element chosen from the group 
consisting of silicon, titanium, iron, nickel, sodi- 
um, lithium, copper, manganese and potassi- 
um, the oxide impurities being present in an ag- 
gregate amount of at least 0.02 mole percent 
of the thermal barrier coating (26), the thermal 
barrier coating (26) having alumina precipitates 
(34) within the microstructure in an amount of 
at least 0.1 mole percent to getter the oxide Im- 
purities and/or neutralize their effect so as to 
inhibit grain sintering and coarsening, and 
thereby inhibit densification of the thermal bar- 
rier coating (26). 

14. A gas turbine engine component (10) according 
to clause 13, wherein the precipitates (34) are 
present in the thermal barrier coating (26) at a level 
of up to 3 mole percent of the thermal barrier coating 
(26). 

1 6. A gas turbine engine component (1 0) according 
to clause 13, wherein the precipitates (34) have di- 
ameters in a range of about 2 to about 50 nanom- 
eters. 

1 6. A gas turbine engine component (1 0) according 
to clause 13, wherein the oxide impurities are 
present in an aggregate amount of at least 0,1 mole 
percent of the thermal barrier coating (26). 

17. A gas turbine engine component (10) according 
to clause 13, wherein at least some of the precipi- 
tates (34) are located adjacent the defects and 
pores (32). 

18. A gas turbine engine component (1 0) according 
to clause 17, wherein the precipitates (34) located 
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adjacent the defects and pores (32) have diameters 
in a range of about 2 to about 50 nanometers. 

19. A gas turbine engine component (1 0) according 
to clause 13, wherein the microstructure of the ther- 
mal barrier coating (26) is columnar. 

20. A gas turbine engine component (1 0) according 
to clause 13, wherein the microstructure of the ther- 
mal barrier coating (26) is inhomogeneous and po- 
rous. 



Claims 

1 . A component (1 0) having a thermal barrier coating 
(26) on a surface thereof, the thermal barrier coat- 
ing (26) having a microstructure comprising grains 
(30) and grain boundaries, the thermal barrier coat- 
ing (26) containing impurities in an amount suffi- 
cient to cause grain boundary sliding, grain sinter- 
ing and coarsening, and/or enhanced surface diffu- 
sion that lead to densification of the thermal barrier 
coating (26), the thermal barrier coating (26) further 
containing precipitates (34) of alumina within the 
microstructure in an amount sufficient to getter the 
impurities so as to inhibit densification of the ther- 
mal barrier coating (26). 

2. A component (1 0) according to claim 1 , wherein the 
microstructure of the thermal barrier coating (26) is 
columnar. 

3. A component (1 0) according to claim 1 , wherein the 
microstructure of the thermal barrier coating (26) is 
Inhomogeneous and porous. 

4. A component (10) according to claim 1 , wherein the 
thermal barrier coating (26) is predominantly yttria- 
stabilized zirconia. 

5. A component (10) according to ci aim 1, wherein the 
impurities include an oxide ol at least one element 
chosen from the group consisting of silicon, titani- 
um, Iron, nickel, sodium, lithium, copper, manga- 
nese and potassium. 

6. A component (1 0) according to claim 1 , wherein the 
microstructure has defects and pores (32) at and 
between the grain boundaries. 

7. A gas turbine engine component (10) comprising: 

a superalloy substrate (22); 

a metallic bond coat (24) on a surface of the 

substrate (22); and 

a thermal barrier coating (26) of yttri a -stabilized 
zirconia on the bond coat (24), the thermal bar- 



rier coating (26) having a microstructure with 
defects and pores (32) at and between grains 
boundaries of the microstructure, the thermal 
barrier coating (26) containing oxide impurities 

s of at least one element chosen from the group 

consisting of silicon, titanium, iron, nickel, sodi- 
um, lithium, copper, manganese and potassi- 
um, the oxide impurities being present in an ag- 
gregate amount of at least 0.02 mole percent 

10 of the thermal barrier coating (26), the thermal 

barriercoating (26) having alumina precipitates 
(34) within the microstructure in an amount of 
at least 0 . 1 mole percent to getter the oxide im- 
purities and/or neutralize their effect so as to 

f£ inhibit grain sintering and coarsening, and 

thereby inhibit densification of the thermal bar- 
rier coating (26). 

8. A gas turbine engine component (1 0) according to 
20 claim 7, wherein the precipitates (34) are present in 

the thermal barrier coating (26) at a level of up to 3 
mole percent of the thermal barriercoating (26). 

9. A gas turbine engine component (10) according, to 
2S claim 7, wherein the microstructure of the thermal 

barrier coating (26) is columnar. 

10. A gas turbine engine component (10) according to 
claim 7, wherein the microstructure of the thermal 

30 barrier coating (26) is inhomogeneous and porous. 
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FIG. 2 
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